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(54)  FLUE-GAS  TREATMENT  SYSTEM 

(57)  An  active  carbon  for  use  in  the  treatment  of 
exhaust  gas  can  be  obtained  by  heat-treating  a  starting 
active  carbon  fiber  derived  from  polyacrylonitrile,  pitch 
or  the  like  or  a  starting  particulate  active  carbon  in  a 
non-oxidizing  atmosphere.  The  heat-treating  tempera- 
ture  is  preferably  in  the  range  of  600  to  1  ,200°C  for  use 
in  the  desulfurization  of  exhaust  gas,  and  in  range  of 
600  to  1  ,000°C  for  use  in  the  denitration  of  exhaust  gas. 
By  using  the  resulting  heat-treated  active  carbon  for  the 
purpose  of  desulfurization,  the  sulfur  oxide  concentra- 
tion  in  exhaust  gas  can  be  reduced  to  5  ppm  or  below. 
Moreover,  by  using  the  heat-treated  active  carbon  in 
combination  with  conventional  denitration  based  on 
selective  catalytic  reduction,  the  nitrogen  oxide  concen- 
tration  in  exhaust  gas  can  be  reduced  to  1  ppm  or 
below. 
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Description 

Technical  Field 

This  invention  relates  to  exhaust  gas  treating  sys- 
tems  for  the  removal  of  nitrogen  oxides  (NOx)  and  sulfur 
oxides  (SO,<)  present  in  exhaust  gas  discharged  from 
boilers,  gas  turbines,  engines  and  combustion  furnaces 
for  burning  various  types  of  fuel. 

This  invention  can  also  be  suitably  used  for  the 
removal  of  nitrogen  oxides  present  in  tunnels  and  for  the 
removal  of  nitrogen  oxides  present  in  exhaust  gas  from 
nitric  acid  production  plants. 

Background  Art 

An  example  of  exhaust  gas  treatment  by  means  of 
a  conventional  exhaust  gas  treating  system  is  explained 
with  reference  to  FIG.  1  . 

In  FIG.  1  ,  reference  numeral  1  designates  a  boiler; 
2,  a  denitrator;  3,  an  air  preheater;  4,  a  dust  collector;  5, 
a  gas-gas  heater;  6,  a  desulfurizer;  and  7,  a  stack. 

As  shown  in  FIG.  1,  a  denitrator  2  using  a  catalyst 
is  installed  at  the  outlet  of  a  boiler  1  or  the  like,  and  an 
air  preheater  3  is  installed  at  the  outlet  of  denitrator  2  so 
as  to  lower  the  temperature  of  the  exhaust  gas  to  about 
130°C. 

The  exhaust  gas  having  passed  through  the  afore- 
said  air  preheater  3  is  dedusted  in  a  dust  precipitator  4, 
passed  through  a  gas-gas  heater  5  and  then  introduced 
into  a  desulfurizer  6  where  sulfur  oxides  (SOx)  are 
removed  therefrom.  Thereafter,  the  exhaust  gas  is  dis- 
charged  into  the  atmosphere  through  a  stack  7. 

In  order  to  remove  sulfur  oxides  (SOx)  from  exhaust 
in  the  aforesaid  desulfurizer  6,  there  has  conventionally 
been  employed  the  so-called  lime-gypsum  method  in 
which  the  aforesaid  sulfur  oxides  (SOx)  are  absorbed 
with  the  aid  of  calcium  carbonate  used  as  absorbing 
agent  and  recovered  in  the  form  of  gypsum.  In  this 
method,  attempts  have  been  made  to  reduce  the  outlet 
concentration  of  sulfur  oxides  (SOx)  by  varying  the  gas- 
fluid  ratio,  the  residence  time  and  the  like. 

Usually,  the  concentration  of  sulfur  oxides  (SOx)  in 
exhaust  gas  from  boilers  is  in  the  range  of  400  to  800 
ppm,  and  it  is  intended  in  the  aforesaid  lime-gypsum 
method  to  reduce  the  outlet  concentration  thereof  to  50- 
100  ppm. 

However,  recent  environmental  standards  demand 
that  the  concentration  of  sulfur  oxides  (SOx)  in  exhaust 
gas  should  be  reduced  to  a  level  of  5  ppm  or  less  which 
is  commonly  known  as  a  high-degree  desulfurization 
level.  In  order  to  remove  sulfur  oxides  (SOx)  t0  a  level  of 
50  to  1  00  ppm  according  to  the  aforesaid  conventional 
lime-gypsum  method,  a  marked  increase  in  cost  due  to 
an  increased  size  of  equipment  and  the  like  is  unavoid- 
able,  even  though  the  conditions  are  optimized.  Moreo- 
ver,  it  is  desired  from  the  viewpoint  of  environmental 
problems  to  improve  the  efficiency  of  removal  of  sulfur 
oxides  (SOx). 

Furthermore,  the  aforesaid  desulfurizer  6  employs 
the  so-called  lime-gypsum  method  in  which  sulfur 
oxides  (SOx)  present  in  exhaust  gas  are  absorbed  with 
the  aid  of  calcium  carbonate  used  as  absorbing  agent 

5  and  recovered  in  the  form  of  gypsum.  This  lime-gypsum 
method  has  the  disadvantage  of  requiring  a  large 
amount  of  absorbing  agent. 

Among  dry  processes,  only  an  adsorption  process 
using  active  carbon  has  been  put  to  practical  use.  How- 

10  ever,  this  adsorption  process  uses  water  washing  for  the 
purpose  of  desorption  and  hence  requires  a  large  vol- 
ume  of  water.  Moreover,  this  process  also  involves  prob- 
lems  concerning  disposal  of  the  resulting  dilute  sulfuric 
acid,  drying  of  the  adsorbent,  and  the  like. 

15  As  described  above,  in  the  current  practical  process 
for  the  removal  of  nitrogen  oxides  present  in  exhaust 
gas  from  boilers,  there  is  used  a  denitrator  2  based  on 
the  selective  catalytic  reduction  (SCR)  method  in  which 
nitrogen  oxides  are  decomposed  to  nitrogen  and  water 

20  vapor  by  using  a  catalyst  comprising  V205  supported 
on  Ti02  and  a  reducing  agent  comprising  NH3.  How- 
ever,  this  process  involves  the  following  problems.  First, 
a  reaction  temperature  of  300  to  400°C  is  required 
because  of  the  performance  of  the  catalyst.  Secondly, 

25  NH3  is  required  for  use  as  reducing  agent.  Thirdly,  since 
the  current  leak  level  of  NOx  is  from  5  to  40  ppm,  an 
excess  of  NH3  needs  to  be  injected  for  the  purpose  of 
reducing  the  leak  level  of  NOx  to  zero. 

Moreover,  recent  environmental  standards  demand 
30  that  the  concentration  of  nitrogen  oxides  (NOx)  in 

exhaust  gas  should  be  reduced  to  a  level  of  1  ppm  or 
less  which  is  commonly  known  as  a  high-degree  deni- 
tration  level.  In  the  aforesaid  conventional  denitration 
treatment  based  on  the  selective  catalytic  reduction 

35  (SCR)  method,  a  marked  increase  in  cost  due  to  an 
increased  size  of  equipment  and  the  like  is  unavoidable, 
even  though  the  conditions  are  optimized.  On  the  other 
hand,  it  is  desired  from  the  viewpoint  of  environmental 
problems  to  improve  the  efficiency  of  removal  of  nitro- 

40  gen  oxides  (NOx). 
In  view  of  the  above-described  problems,  an  object 

of  the  present  invention  is  to  provide  an  exhaust  gas 
treating  system  which  can  treat  exhaust  gas  at  low  tem- 
peratures  without  requiring  any  heating  means  and, 

45  moreover,  can  treat  exhaust  gas  efficiently  without  using 
a  large  amount  of  absorbing  agent. 

Disclosure  of  the  Invention 

so  In  view  of  the  above-described  problems  of  the  prior 
art,  the  present  inventors  have  made  intensive  investi- 
gations  and  have  now  found  that  an  active  carbon  hav- 
ing  been  subjected  to  a  specific  heat  treatment 
functions  as  an  effective  catalyst  for  desulfurization  or 

55  denitration  reactions.  The  present  invention  has  been 
completed  on  the  basis  of  this  finding. 

Accordingly,  the  present  invention  relates  to  a  heat- 
treated  active  carbon  for  use  in  desulfurization  or  deni- 
tration  reactions  and  a  desulfurization  or  denitration 
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process  using  it. 
First  of  all,  the  present  invention  is  described  below 

in  terms  of  desulfurization. 
The  present  invention  provides  a  heat-treated 

active  carbon  for  use  in  desulfurization  reactions  which  s 
has  been  obtained  by  heat-treating  a  starting  active  car- 
bon  in  a  non-oxidizing  atmosphere. 

The  present  invention  also  provides  a  desulfuriza- 
tion  process  which  comprises  bringing  a  gas  containing 
S02,  water  and  oxygen  into  contact  with  such  a  heat-  10 
treated  active  carbon  for  use  in  desulfurization  reac- 
tions. 

No  particular  limitation  is  placed  on  the  type  of  the 
starting  active  carbon.  For  example,  an  active  carbon 
fiber  or  an  particulate  active  carbon  is  used.  Active  car-  15 
bon  fibers  include  those  derived  from  pitch,  polyacrylo- 
nitrile,  phenol,  cellulose  and  the  like  may  be  used. 
Commercial  products  may  also  be  used.  Among  others, 
active  carbon  having  highly  hydrophobic  surfaces  are 
especially  preferred.  Specific  examples  thereof  include  20 
pitch-based  and  polyacrylonitrile-based  starting  active 
carbon  fibers. 

The  above-described  starting  active  carbon  is  heat- 
treated  in  a  non-oxidizing  atmosphere.  The  term  "non- 
oxidizing  atmosphere"  as  used  herein  comprehends  25 
inert  gases  and  reducing  atmospheres.  No  particular 
limitation  is  placed  on  the  type  of  the  non-oxidizing 
atmosphere,  so  long  as  the  starting  active  carbon  is  not 
oxidized  thereby.  In  particular,  inert  gases  such  as  nitro- 
gen  gas,  argon  gas  and  helium  gas  are  preferred.  30 
Among  them,  nitrogen  gas  is  especially  preferred 
because  it  is  readily  available. 

The  heat-treating  temperature  may  be  any  temper- 
ature  that  renders  the  surfaces  of  the  starting  active  car- 
bon  hydrophobic.  Although  the  heat-treating  35 
temperature  may  be  suitably  determined  according  to 
the  type  of  the  starting  active  carbon  and  the  like,  it  is 
usually  in  the  range  of  about  600  to  1  ,200°C.  The  heat- 
treating  time  may  be  suitably  determined  according  to 
the  heat-treating  temperature  and  the  like.  This  heat  40 
treatment  makes  it  possible  to  obtain  the  heat-treated 
active  carbon  for  use  in  desulfurization  reactions 
according  to  the  present  invention.  In  the  heat-treated 
active  carbon  for  use  in  desulfurization  reactions 
according  to  the  present  invention,  all  or  part  of  the  45 
hydrophilic  oxygen-containing  functional  groups  have 
been  removed  in  the  form  of  CO,  C02  and  the  like  as  a 
result  of  the  heat  treatment,  so  that  its  surfaces  are 
highly  hydrophobic  as  compared  with  those  before  heat 
treatment.  Consequently,  the  adsorption  of  S02  to  S02  so 
oxidation  sites  occurs  easily  and,  moreover,  the  dis- 
charge  of  the  resulting  sulfuric  acid  proceeds  rapidly. 
Thus,  it  can  perform  a  catalytic  function  for  desulfuriza- 
tion  reactions  without  hindrance. 

The  desulfurization  process  of  the  present  inven-  ss 
tion  comprises  the  step  of  bringing  a  gas  containing  sul- 
fur  dioxide  (S02)  into  contact  with  the  aforesaid  heat- 
treated  active  carbon.  In  this  case,  the  aforesaid  gas 
needs  to  contain  water  and  oxygen.  Although  the  S02 

concentration  can  be  suitably  regulated,  efficient  desul- 
furization  can  be  achieved  especially  at  S02  concentra- 
tions  of  about  20  to  500  ppm. 

Exhaust  gas  can  be  desulfurized  in  one  step  by 
using  the  heat-treated  active  carbon  of  the  present 
invention.  Alternatively,  the  present  invention  may  also 
be  practiced  in  the  form  of  a  high-degree  desulfurization 
process  in  which  the  aforesaid  heat-treated  active  car- 
bon  for  the  treatment  of  exhaust  gas  is  used  to  remove 
sulfur  oxides  on  the  downstream  side  of  a  desulfuriza- 
tion  apparatus  based  on  the  lime-gypsum  method. 

It  is  desirable  that  the  aforesaid  gas  contains  water 
at  a  relative  humidity  of  1  00%  or  greater  and  oxygen  in 
an  amount  of  3%  by  volume  or  more  (preferably  3  to 
21%  by  volume).  Any  gaseous  components  other  than 
those  described  above  may  be  present  therein,  pro- 
vided  that  they  do  not  interfere  with  desulfurization  reac- 
tions  significantly.  For  example,  nitrogen,  carbon 
dioxide,  carbon  monoxide  and  the  like  may  be  present 
therein. 

Although  the  contact  temperature  can  be  suitably 
changed  according  to  the  type  of  the  heat-treated  active 
carbon,  the  S02  concentration  and  the  like,  it  may  usu- 
ally  be  in  the  range  of  about  20  to  100°C.  Especially  in 
the  process  of  the  present  invention,  efficient  desulfuri- 
zation  can  be  achieved  at  ordinary  temperatures  (i.e., 
about  20  to  50°C).  Even  at  high  temperatures  above 
100°C,  desulfurization  reactions  can  be  made  to  pro- 
ceed  by  controlling  the  water  content  and  the  like. 

The  flow  rate  of  the  aforesaid  gas  can  be  suitably 
changed  according  to  the  S02  concentration,  the  type 
of  the  apparatus,  and  the  like.  However,  it  may  usually 
be  in  the  range  of  about  1  x  10"3  to  5  x  10"3  g  •  min/ml 
per  unit  weight  of  the  active  carbon. 

In  the  process  of  the  present  invention,  any  well- 
known  reactors  may  be  used.  For  example,  various 
types  of  reactors  such  as  fixed-bed  flow  reactors,  f  luid- 
ized-bed  reactors  and  stirred  reactors  may  be  used. 

The  resulting  sulfuric  acid  may  be  recovered 
according  to  various  recovery  methods  including,  for 
example,  (a)  the  method  of  absorbing  the  sulfuric  acid 
into  water  to  recover  it  as  concentrated  sulfuric  acid,  (b) 
the  method  of  absorbing  the  sulfuric  acid  into  an  aque- 
ous  solution  of  KOH  to  recover  it  as  a  neutralized  solu- 
tion,  (c)  the  method  of  neutralizing  the  sulfuric  acid  with 
an  aqueous  solution  of  Ca(OH)2,  Mg(OH)2  or  the  like  to 
recover  it  as  a  salt,  and  (d)  the  method  of  absorbing  the 
sulfuric  acid  into  aqueous  ammonia  to  recover  it  as  a 
fertilizer  (i.e.,  ammonium  sulfate). 

Similarly  to  the  above-described  heat-treated  active 
carbon  for  use  in  desulfurization,  a  heat-treated  active 
carbon  for  use  in  denitration  can  also  be  obtained  by 
heat-treating  a  starting  active  carbon  at  a  temperature 
of  about  600  to  1  ,000°C  in  a  non-oxidizing  atmosphere. 
The  type  of  the  atmosphere  and  other  conditions  may 
be  the  same  as  described  above. 

A  first  process  of  the  present  invention  for  removing 
nitrogen  oxides  by  means  of  a  heat-treated  active  car- 
bon  for  use  in  denitration  comprises  providing  a  nitro- 
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gen  oxide  oxidation  tower  packed  with  a  heat-treated 
active  carbon  for  use  in  denitration  which  has  been 
obtained  by  heat-treating  a  starting  active  carbon  at  a 
temperature  of  600  to  1,000°C,  and  passing  exhaust 
gas  through  the  oxidation  tower  to  oxidize  and  remove  5 
nitrogen  oxides  (NOx)  present  therein. 

A  second  process  of  the  present  invention  for 
removing  nitrogen  oxides  by  means  of  a  heat-treated 
active  carbon  for  use  in  denitration  comprises  providing 
a  plurality  of  adsorption  towers  packed  with  a  heat-  10 
treated  active  carbon  for  use  in  denitration  which  has 
been  obtained  by  heat-treating  a  starting  active  carbon 
at  a  temperature  of  600  to  1  ,000°C,  the  adsorption  tow- 
ers  being  arranged  in  parallel;  and  passing  exhaust  gas 
successively  through  the  adsorption  towers  in  such  a  15 
way  that  the  exhaust  gas  is  switched  from  one  adsorp- 
tion  tower  to  another  before  a  breakthrough  of  the  nitro- 
gen  dioxide  (N02)  adsorbed  on  the  heat-treated  active 
carbon  for  use  in  denitration  within  the  one  adsorption 
tower  occurs,  and  nitrogen  oxides  (NOx)  present  in  the  20 
exhaust  gas  are  thereby  oxidized,  adsorbed  and 
removed  continuously. 

Moreover,  in  a  high-degree  denitration  process  in 
accordance  with  the  present  invention,  nitrogen  oxides 
can  be  removed  by  using  a  heat-treated  active  carbon  25 
for  use  in  denitration,  on  the  downstream  side  of  a  den- 
itration  treatment  based  on  the  selective  catalytic  reduc- 
tion  (SCR)  method. 

In  the  aforesaid  processes  for  the  removal  of  nitro- 
gen  oxides,  it  is  preferable  to  treat  the  exhaust  gas  at  a  30 
temperature  of  as  low  as  1  50°C  or  below. 

In  the  aforesaid  processes  for  the  removal  of  nitro- 
gen  oxides,  the  nitrogen  oxides  oxidized  by  the  heat- 
treated  active  carbon  for  use  in  denitration  can  be  con- 
tinuously  absorbed  into  an  absorbing  fluid  such  as  35 
water  or  an  aqueous  alkaline  solution,  and  recovered  as 
nitric  acid  or  a  salt  thereof. 

In  the  aforesaid  processes  for  the  removal  of  nitro- 
gen  oxides,  no  particular  limitation  is  placed  on  the  type 
of  the  starting  active  carbon,  as  is  the  case  with  the  40 
heat-treated  active  carbon  for  use  in  desulfurization. 
However,  it  is  desirable  to  use  a  polyacrylonitrile-based 
or  pitch-based  starting  active  carbon  fiber  as  the  start- 
ing  active  carbon  fiber. 

According  to  the  present  invention,  the  desulfuriza-  45 
tion  performance  of  a  starting  active  carbon  can  be 
improved  by  heat-treating  it  in  a  non-oxidizing  atmos- 
phere.  The  principle  thereof  is  illustrated  in  FIG.  2. 

Prior  to  heat  treatment,  the  surface  of  the  starting 
active  carbon  has  many  oxygen-containing  functional  so 
groups  distributed  thereover  as  shown  in  FIG.  2(a),  and 
hence  exhibits  hydrophilicity.  In  this  case,  surface  water 
hinders  S02  from  being  adsorbed  to  S02  oxidation 
sites.  Moreover,  sulfuric  acid  formed  by  oxidation  and 
hydration  is  captured  by  surface  water  and  accumulated  55 
on  the  surface  of  the  starting  active  carbon,  thus  hinder- 
ing  desulfurization  reactions  from  proceeding  smoothly. 

In  contrast,  hydrophilic  oxygen-containing  func- 
tional  groups  have  been  removed,  in  the  form  of  CO, 

C02  and  the  like,  from  the  surface  of  the  heat-treated 
active  carbon,  as  shown  in  FIG.  2(b).  Thus,  its  surface 
exhibits  hydrophobicity.  Consequently,  S02  is  readily 
adsorbed  to  S02  oxidation  sites  and,  moreover,  the 
resulting  sulfuric  acid  is  eliminated  rapidly,  so  that  the 
heat-treated  active  carbon  of  the  present  invention 
exhibits  a  high  activity  for  desulfurization  reactions  with- 
out  being  hindered  by  sulfuric  acid. 

In  order  to  remove  sulfur  oxides  (SOx)  present  in 
exhaust  gas  by  means  of  a  heat-treated  active  carbon 
as  described  above,  the  exhaust  gas  is  conditioned  so 
as  to  have  a  temperature  of  1  00°C  or  below,  preferably 
50°C  or  below,  and  a  relative  humidity  of  100%  or 
greater.  Thereafter,  the  exhaust  gas  is  introduced  into  a 
reactor  packed  with  the  heat-treated  active  carbon 
where  sulfur  oxides  (SOx)  present  therein  are  oxidized 
to  sulfur  trioxide  (S03)  at  the  surfaces  of  the  heat- 
treated  active  carbon.  Then,  this  sulfur  trioxide  (S03)  is 
reacted  with  water  or  an  aqueous  solution  of  sodium 
hydroxide  or  the  like  to  recover  it  as  sulfuric  acid  or  a  salt 
thereof.  Thus,  sulfur  oxides  (SOx)  present  in  exhaust 
gas  can  be  removed. 

Ordinary  active  carbon  have  the  property  of  adsorb- 
ing  nitrogen  monoxide  (NO),  but  fail  to  exhibit  sufficient 
oxidizing  power.  Although  some  of  them  have  oxidizing 
power,  their  surface  structure  makes  it  difficult  to 
remove  nitrogen  oxides  in  the  form  of  nitrogen  dioxide 
(NOg). 

The  reason  for  this  is  that  plenty  of  oxygen-contain- 
ing  groups  (such  as  carbonyl  and  carboxyl  groups)  and 
N-  or  S-containing  groups  remain  on  the  surface  of  such 
active  carbon. 

According  to  the  present  invention,  a  starting  active 
carbon  is  heat-treated  in  a  non-oxidizing  atmosphere. 
This  decomposes  and  eliminates  various  groups 
present  on  the  surfaces  of  the  starting  active  carbon  to 
activate  NO  oxidation  sites.  Moreover,  hydrophilic  oxy- 
gen-containing  functional  groups  are  also  decomposed 
to  decrease  water  (H20)  adsorption  sites  which  hinder 
the  adsorption  of  NO  and  the  elimination  of  N02.  Thus, 
an  improvement  in  NO-oxidizing  activity  can  be 
achieved. 

When  an  active  carbon  which  has  been  heat- 
treated  in  this  manner  is  used,  nitrogen  monoxide  (NO) 
present  in  exhaust  gas  is  adsorbed  thereon,  and  then 
oxidized  by  02  to  form  nitrogen  dioxide  (N02). 

This  nitrogen  dioxide  (N02)  may  be  removed  in  the 
state  adsorbed  on  the  active  carbon.  Alternatively,  the 
desorbed  nitrogen  dioxide  (N02)  may  be  absorbed  into 
water  and  recovered  in  the  form  of  an  aqueous  solution 
of  nitric  acid,  or  may  be  absorbed  into  an  aqueous  alka- 
line  solution  and  recovered  in  the  form  a  salt  of  nitric 
acid.  Thus,  exhaust  gas  can  be  denitrated  in  the  above- 
described  manner. 

As  described  above,  the  present  invention  makes  it 
possible  to  remove  nitrogen  oxides  and  sulfur  oxides 
from  exhaust  gas  at  a  low  temperature  of  150°C  or 
below  by  using  a  heat-treated  active  carbon. 

Accordingly,  a  system  in  accordance  with  the 
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present  invention  may  be  used  as  a  substitute  for  the 
currently  used  denitrators  and  desulfurizers.  Alterna- 
tively,  when  it  is  desired  to  improve  the  denitration  or 
desulfurization  performance  of  the  current  system,  a 
system  in  accordance  with  the  present  invention  may  be  5 
connected  therewith  to  achieve  a  further  improvement 
in  treating  capacity. 

Moreover,  the  desulfurization  processes  of  the 
present  invention  using  a  heat-treated  carbon  for  use  in 
desulfurization  reactions  make  it  possible  to  desulfurize  10 
exhaust  gas  efficiently  without  using  a  large  volume  of 
water  (i.e.,  in  a  dry  manner).  Especially  when  a  heat- 
treated  pitch-based  carbon  fiber  for  use  in  desulfuriza- 
tion  reactions  is  used,  the  degree  of  removal  of  S02 
may  be  raised  to  1  00%  depending  on  the  temperature  15 
used  for  the  heat  treatment. 

Furthermore,  as  shown  in  FIG.  18,  the  S02 
adsorbed  on  the  surface  of  a  heat-treated  active  carbon 
for  use  in  desulfurization  reactions  according  to  the 
present  invention  is  oxidized  by  02  present  in  the  gas  to  20 
form  S03,  and  the  latter  reacts  with  water  present  in  the 
gas  to  form  sulfuric  acid.  Then,  this  sulfuring  acid  is 
washed  away  from  the  surface.  That  is,  by  treating  sulfur 
oxides-containing  exhaust  gas  with  a  heat-treated 
active  carbon,  the  concentration  of  sulfur  oxides  (SOx)  25 
in  the  exhaust  gas  can  be  reduced  to  a  level  of  5  ppm  or 
less  which  has  been  difficult  to  achieve  in  the  prior  art, 
and  such  sulfur  oxides  can  be  recovered  in  the  form  of 
sulfuric  acid  (in  particular,  concentrated  sulfuric  acid). 

Furthermore,  according  to  the  present  invention,  30 
the  nitrogen  oxides  oxidized  on  a  heat-treated  active 
carbon  can  be  continuously  treated  by  converting  them 
into  nitric  acid  or  a  salt  thereof  in  an  absorption  tower.  In 
addition,  by  carrying  out  high-degree  denitration  using  a 
heat-treated  active  carbon  in  combination  with  conven-  35 
tional  denitration  based  on  selective  catalytic  reduction 
using  a  V205  catalyst,  the  concentration  of  nitrogen 
oxides  (NOx)  in  exhaust  gas  can  be  reduced  to  a  level  of 
1  ppm  or  less  which  has  been  difficult  to  achieve  in  the 
prior  art.  40 

The  heat-treated  active  carbon  for  use  in  desulfuri- 
zation  reactions  and  the  desulfurization  processes,  and 
the  heat-treated  active  carbon  for  use  in  denitration 
reactions  and  the  denitration  processes,  which  are  pro- 
vided  by  the  present  invention,  may  be  suitably  used  for  45 
the  removal  of  sulfur  oxides  and  nitrogen  oxides  pro- 
duced  in  combustion  equipment  (such  as  boilers  and 
thermal  electric  power  plants)  especially  for  burning 
heavy  oil,  coal  and  the  like,  sulfuric  acid  production 
plants,  nitric  acid  production  plants,  metal  processing  so 
works  and  facilities,  paper  mills,  and  tunnels. 

Brief  Description  of  the  Drawings 

FIG.  1  is  a  block  diagram  of  a  conventional  exhaust  55 
gas  treating  system; 
FIGs.  2(a)  and  2(b)  are  schematic  views  showing 
the  surface  states  of  an  active  carbon  before  high- 
temperature  treatment  and  an  active  carbon  in 

accordance  with  the  present  invention,  respec- 
tively; 
FIG.  3  is  a  graph  showing  the  relationship  between 
the  heat-treating  temperature  of  a  pitch-based  car- 
bon  fiber  or  a  particulate  active  carbon  and  the 
degree  of  desulfurization; 
FIG.  4  is  a  graph  showing  the  relationship  between 
the  heat-treating  temperature  of  a  polyacrylonitrile 
(PAN)-based  carbon  fiber  and  the  degree  of  desul- 
furization; 
FIG.  5  is  a  block  diagram  of  an  exemplary  system 
for  carrying  out  the  high-degree  desulfurization 
process  of  the  present  invention; 
FIG.  6  is  a  graph  showing  the  relationship  between 
the  concentrations  of  nitrogen  oxides  and  the  time 
of  reaction  with  an  active  carbon  fiber; 
FIG.  7  is  a  graph  showing  the  relationship  between 
the  heat-treating  temperature  of  a  pitch-based  car- 
bon  fiber  or  a  particulate  active  carbon  and  the 
degree  of  denitration; 
FIG.  8  is  a  graph  showing  the  relationship  between 
the  heat-treating  temperature  of  a  polyacrylonitrile 
(PAN)-based  carbon  fiber  and  the  degree  of  deni- 
tration; 
FIG.  9  is  a  block  diagram  of  a  system  for  carrying 
out  the  denitration  process  of  the  present  invention; 
FIG.  10  is  a  schematic  view  of  an  exemplary 
absorption  tower  in  accordance  with  the  present 
invention; 
FIG.  1  1  is  a  block  diagram  of  a  system  for  carrying 
out  the  denitration  process  of  the  present  invention; 
FIG.  1  2  is  a  block  diagram  of  a  system  for  carrying 
out  the  denitration  process  of  the  present  invention; 
FIG.  13  is  a  schematic  view  illustrating  a  first 
embodiment  of  the  exhaust  gas  treating  system  in 
accordance  with  the  present  invention; 
FIG.  14  is  a  graph  showing  the  performance  on  the 
oxidation  of  nitrogen  monoxide  to  nitrogen  dioxide 
(NOg); 
FIG.  15  is  a  graph  showing  the  performance  on  the 
oxidation  of  sulfur  dioxide  (S02)  to  sulfur  trioxide 
(S03); 
FIG.  16  is  a  schematic  view  illustrating  a  second 
embodiment  of  the  exhaust  gas  treating  system  in 
accordance  with  the  present  invention; 
FIG.  17  is  a  schematic  view  illustrating  a  third 
embodiment  of  the  exhaust  gas  treating  system  in 
accordance  with  the  present  invention;  and 
FIG.  18  is  a  schematic  view  showing  the  manner  in 
which  S02  is  removed  on  the  surface  of  an  active 
carbon  in  accordance  with  the  present  invention. 

Best  Mode  for  Carrying  Out  the  Invention 

The  features  of  the  present  invention  are  more  spe- 
cifically  described  hereinbelow  with  reference  to  the  fol- 
lowing  examples  and  comparative  examples. 

5 
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Example  1 

A  pitch-based  starting  active  carbon  ("OG-20A"; 
manufactured  by  Osaka  Gas  Co.,  Ltd.)  and  a  starting 
particulate  active  carbon  ("HC-30";  manufactured  by  s 
Turumicoal  Co.,  Ltd)  were  used  as  the  starting  active 
carbon  fiber.  A  series  of  heat-treated  active  carbon  were 
obtained  by  firing  the  starting  active  carbon  at  various 
temperatures  ranging  from  400  to  1  ,400°C  in  an  atmos- 
phere  of  nitrogen  for  an  hour.  10 

Then,  each  of  the  heat-treated  active  carbon  thus 
obtained  was  used  in  a  desulfurization  reaction  to 
examine  the  desulfurization  performance  thereof.  In  this 
desulfurization  reaction,  a  gas  composed  of  1  ,000  ppm 
of  S02,  5  vol.%  of  02,  1  0  vol.%  of  water  and  the  balance  is 
N2  was  used.  Using  a  fixed-bed  flow  reactor,  the  afore- 
said  gas  was  passed  therethrough  at  a  temperature  of 
30°C  in  an  amount  of  1.0  g  •  min/ml  per  unit  weight  of 
the  active  carbon.  The  S02  concentration  in  the  gas 
emerging  from  the  outlet  of  the  reactor  was  measured  20 
with  a  gas  chromatograph  having  a  FPD  detector,  and 
the  degree  of  S02  removal  was  calculated.  The  results 
obtained  15  hours  after  the  start  of  the  desulfurization 
reaction  are  shown  in  FIG.  3. 

As  shown  in  FIG.  3,  their  activities  vary  according  to  25 
the  heat-treating  temperature. 

Thus,  heat-treating  temperatures  in  the  range  of 
600  to  1  ,200°C  have  been  judged  to  be  effective.  In  the 
present  invention,  therefore,  an  active  carbon  heat- 
treated  at  a  temperature  in  this  range  is  used  to  30 
enhance  the  catalytic  activity  for  the  oxidation  of  sulfur 
dioxide  (S02)  and  sulfur  trioxide  (S03)  and  treat  them 
without  being  influenced  by  other  coexisting  gases  such 
as  CO  and  C02. 

As  a  result,  it  has  been  become  possible  to  remove  35 
low  concentrations  of  sulfur  dioxide  (S02)  and  sulfur  tri- 
oxide  (S03). 

Comparative  Example  1 
40 

A  desulfurization  reaction  was  carried  out  in  the 
same  manner  as  described  in  Example  1  ,  except  that 
the  aforesaid  pitch-based  active  carbon  fiber  was  used 
without  being  fired.  Thus,  the  degree  of  S02  removal 
was  calculated.  As  a  result,  the  degree  of  S02  removal  45 
was  found  to  be  as  low  as  20%,  indicating  that  S02 
could  not  be  fully  removed. 

Example  2 
50 

A  polyacrylonitrile-based  active  carbon  fiber  ("FE- 
300";  manufactured  by  Toho  Rayon  Co.,  Ltd.)  was  used 
as  the  starting  active  carbon  fiber.  This  active  carbon 
fiber  was  heat-treated  in  the  same  manner  as  described 
in  Example  1  .  Then,  each  of  the  heat-treated  active  car-  55 
bon  fibers  was  used  in  a  desulfurization  reaction  and 
the  degree  of  S02  removal  was  calculated.  The  results 
thus  obtained  are  shown  in  FIG.  4. 

Again,  their  activities  vary  according  to  the  heat- 

treating  temperature.  Thus,  heat-treating  temperatures 
in  the  range  of  600  to  1  200°C  have  been  judged  to  be 
effective.  In  the  present  invention,  therefore,  an  active 
carbon  fiber  heat-treated  at  a  temperature  in  this  range 
is  used  to  remove  sulfur  dioxide  (S02)  and  sulfur  triox- 
ide  (S03). 

Example  3 

FIG.  5  illustrates  an  exhaust  gas  desulfurization 
system  in  accordance  with  one  embodiment  of  the 
present  invention. 

In  FIG.  5,  reference  numeral  1  1  designates  a  boiler; 
12,  a  denitrator;  13,  an  air  preheater;  14,  a  dust  collec- 
tor;  15,  a  gas-gas  heater;  16,  a  desulfurizer;  17,  a  stack; 
and  18,  a  high-degree  desulfurizer. 

As  shown  in  FIG.  5,  exhaust  gas  discharged  from  a 
boiler  1  1  is  passed  through  a  denitrator  12  and  a  desul- 
furizer  1  6  where  nitrogen  oxides  (NOx)  ar|d  sulfur  oxides 
(SOx)  are  removed  therefrom  in  the  same  manner  as  in 
the  prior  art. 

Thereafter,  the  exhaust  gas  is  introduced  into  a 
high-degree  desulfurizer  1  8  where  it  is  brought  into  con- 
tact  with  an  active  carbon  fiber  heat-treated  at  a  temper- 
ature  in  the  range  of  600  to  1  ,200°C  and  packed  into 
high-degree  desulfurizer  1  8,  so  that  the  reactions  repre- 
sented  by  the  following  equations  (a)  and  (b)  are  pro- 
moted.  Thus,  the  concentration  of  sulfur  oxides  (SOx)  in 
the  exhaust  gas  could  be  reduced  to  5  ppm  or  less. 

502  +  1/202  ->  S03  (a) 

503  +  H20  ->  H2S04  (b) 

The  treating  conditions  employed  in  this  example 
are  given  below. 

(Treating  conditions) 

a)  Gas  to  be  treated 

Temperature:  50°C 
Relative  humidity:  100%  R.H. 
SOx  concentration:  120  ppm 
Flow  rate:  50  m3/hr 

b)  Desulfurizer 

Active  carbon  fiber:  OG-20A 
Amount  of  catalyst:  0.5  kg 

c)  Desulfurized  gas 

SOx  concentration:  5  ppm 

In  this  removal  of  sulfur  oxides  (SOx),  the  water 
used  in  the  aforesaid  high-degree  desulfurizer  1  8  may 
be  replaced  by  an  aqueous  solution  of  sodium  hydrox- 
ide  or  the  like.  Thus,  the  sulfur  oxides  (SOx)  can  be 
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recovered  as  a  salt  of  sulfuric  acid  (e.g.,  sodium  sulfate) 
instead  of  sulfuric  acid. 

The  heat-treated  active  carbon  fiber  packed  into  the 
aforesaid  high-degree  desulfurizer  18  is  one  obtained 
by  firing  a  pitch-based  starting  active  carbon  fiber  (i.e., 
an  active  carbon  fiber  formed  by  the  melt  spinning  of 
pitch  obtained  as  residue  in  coal  chemical  and  petro- 
chemical  processes)  in  a  reducing  atmosphere. 

In  this  example,  there  was  used  a  pitch-based 
active  carbon  fiber  manufactured  and  sold  by  Osaka 
Gas  Co.,  Ltd.  under  the  trade  name  of  "OG-20A".  This 
pitch-derived  active  carbon  fiber  was  fired  at  about 
1,100°C  in  a  reducing  atmosphere  for  an  hour,  shaped 
into  a  corrugated  form,  and  then  used  in  this  example. 

Moreover,  a  polyacrylonitrile  (PAN)-based  active 
carbon  fiber  obtained  by  firing  and  carbonizing  a  high- 
molecular-weight  polyacrylonitrile  fiber  was  also  used 
as  the  heat-treated  active  carbon  fiber.  Thus,  the  con- 
centration  of  sulfur  oxides  (SOx)  in  exhaust  gas  could  be 
reduced  to  5  ppm  or  less  in  the  same  manner  as 
described  above. 

Example  4 

A  pitch-based  starting  active  carbon  fiber  ["OG-5A" 
(trade  name);  manufactured  by  Osaka  Gas  Co.,  Ltd.] 
formed  by  the  melt  spinning  of  pitch  obtained  as  residue 
in  coal  chemical  and  petrochemical  processes,  a  poly- 
acrylonitrile-based  starting  active  carbon  fiber  ["FE- 
300"  (trade  name);  manufactured  by  Toho  Rayon  Co., 
Ltd.]  formed  by  firing  and  carbonizing  a  high-molecular- 
weight  polyacrylonitrile  fiber,  and  a  starting  particulate 
active  carbon  ["HC-30"  (trade  name);  manufactured  by 
Turumicoal  Co.,  Ltd.]  were  used  as  starting  active  car- 
bon.  These  starting  active  carbon  were  fired  at  various 
temperatures  ranging  from  400  to  1  ,400°C  in  an  atmos- 
phere  of  nitrogen  for  an  hour. 

Then,  the  heat-treated  active  carbon  thus  obtained 
were  tested  for  NO-oxidizing  activity. 

For  purposes  of  comparison,  the  pitch-based  and 
polyacrylonitrile-based  starting  active  carbon  fibers 
which  had  not  been  heat-treated  were  tested  in  the 
same  manner. 

Specifically,  using  a  fixed-bed  flow  reactor,  a  gas 
composed  of  380  ppm  of  NO,  4.0  vol.%  of  02,  2.5  vol.% 
of  H20  and  the  balance  N2  was  passed  therethrough  at 
a  reaction  temperature  of  25°C  in  an  amount  (W/F)  of 
1.0  x  10"2  g  •  min/ml. 

Using  a  chemiluminescent  NOx  detector,  the  efflu- 
ent  gas  was  analyzed  for  NO  and  N02.  Thus,  the 
degree  of  conversion  of  NO  to  N02  was  evaluated. 

When  a  NO-containing  gas  is  introduced  into  the 
pitch-based  active  carbon  fiber,  its  ability  to  oxidize  and 
adsorb  NO  causes  the  outlet  NOx  concentration  to  be 
reduced  to  several  tens  of  parts  per  million  in  an  initial 
stage  (FIG.  6). 

Then,  the  outlet  N02  concentration  increases  as  a 
result  of  breakthrough  of  N02.  After  the  lapse  of  35 
hours  or  more,  a  complete  breakthrough  of  N02  is 

observed. 
However,  the  degree  of  conversion  of  NO  to  N02 

remains  substantially  constant  thereafter,  and  a  steady 
state  is  reached  40  hours  after  the  start  of  the  reaction. 

5  FIGs.  7  and  8  show  the  relationship  between  the 
heat-treating  temperature  for  the  pitch-based  or  poly- 
acrylonitrile  (PAN)-based  active  carbon  fiber  or  the  par- 
ticulate  active  carbon  used  as  the  starting  active  carbon 
and  the  degree  of  denitration  in  the  steady  state. 

10  As  shown  in  these  figures,  their  activities  vary 
according  to  the  heat-treating  temperature. 

Thus,  heat-treating  temperatures  in  the  range  of 
600  to  1  ,000°C  have  been  judged  to  be  effective  in  the 
present  invention. 

15 
Comparative  Examples  2  and  3 

When  the  pitch-based  starting  active  carbon  fiber 
(Comparative  Example  2)  and  the  PAN-based  starting 

20  active  carbon  fiber  (Comparative  Example  3)  were  used 
without  being  subjected  to  any  heat  treatment,  the 
degree  of  denitration  was  1  8%  and  4%,  respectively. 

Example  5 
25 

FIG.  9  illustrates  an  exemplary  system  for  the 
removal  of  nitrogen  oxides  in  accordance  with  the 
present  invention. 

In  FIG.  9,  reference  numerals  21a  to  21  n  designate 
30  adsorption  towers;  22,  nitrogen  oxides-containing 

exhaust  gas;  23,  a  regenerating  inert  gas;  24,  a  nitrogen 
dioxide  absorption  tower;  25,  switching  valves;  26,  an 
exhaust  gas  line;  and  27,  a  regenerating  gas  line. 

As  shown  in  FIG.  9,  two  or  more  adsorption  towers 
35  21a  21n  are  installed  in  parallel.  Initially,  nitrogen 

oxides-containing  exhaust  gas  22  is  introduced  into  a 
first  adsorption  tower  21  a  by  means  of  a  switching  valve 
25.  Thus,  nitrogen  oxides  are  oxidized  by  and  adsorbed 
on  a  heat-treated  active  carbon  fiber  packed  into  the 

40  aforesaid  first  adsorption  tower  21a. 
The  heat-treated  active  carbon  fiber  packed  into  the 

aforesaid  first  adsorption  tower  21a  is  an  active  carbon 
fiber  which  has  been  heat-treated  at  a  temperature  of 
600  to  1,000°C  in  a  non-oxidizing  atmosphere.  This 

45  heat-treated  active  carbon  fiber  promotes  the  reactions 
represented  by  the  following  equations  (c),  so  that  nitro- 
gen  oxides  present  in  the  introduced  exhaust  gas  are 
reacted  therewith  and  adsorbed  thereon  in  the  form  of 
nitrogen  dioxide  (N02). 

so  Before  a  breakthrough  of  the  nitrogen  dioxide  (N02) 
formed  by  the  oxidation  of  nitrogen  oxides  and 
adsorbed  on  the  heat-treated  active  carbon  fiber  within 
first  adsorption  tower  21a  occurs,  the  exhaust  gas  is 
successively  switched  to  a  second  and  other  adsorption 

55  towers  21b  21  n.  Thus,  the  exhaust  gas  is  succes- 
sively  introduced  thereinto  by  way  of  an  exhaust  gas  line 
26  and  treated  to  remove  nitrogen  oxides  therefrom. 

The  heat-treated  active  carbon  fiber  packed  in  each 
of  the  adsorption  towers  showing  the  aforesaid  break- 
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through  is  regenerated  by  introducing  a  regenerating 
inert  gas  23  thereinto  and  releasing  the  nitrogen  dioxide 
(N02)  through  a  regeneration  gas  line  27. 

In  order  to  absorb  the  nitrogen  dioxide  (N02) 
released  during  the  aforesaid  regeneration  process,  the  s 
regeneration  gas  is  introduced  into  an  absorption  tower 
24  installed  on  the  downstream  side  and  containing  an 
absorbing  fluid  such  as  water  or  an  aqueous  alkaline 
solution.  Thus,  the  regeneration  gas  is  continuously 
treated  by  promoting  the  reactions  represented  by  the  10 
following  equations  (d). 

NO  +  1/202  ->  N02  (c) 

4NO  +  302  2N205  15 

N02  +  H20  ->  HN03  (d) 

N205  +  H20  ->  2HN03 
20 

As  the  means  for  absorbing  the  aforesaid  nitrogen 
dioxide  (N02),  there  may  be  used  any  of  various  appa- 
ratus  such  as  tray  towers,  packed  towers,  spray  towers 
and  stirred  towers. 

FIG.  10  illustrates  an  embodiment  in  which  a  25 
packed  tower  is  used  as  the  aforesaid  absorption  tower. 

As  shown  in  FIG.  10,  exhaust  gas  is  introduced 
through  an  exhaust  gas  inlet  33  provided  at  the  bottom 
of  an  absorption  tower  30,  and  the  treated  gas  (i.e., 
freed  of  nitrogen  oxides)  is  discharged  from  a  treated  30 
gas  outlet  34.  An  absorbing  fluid  such  as  water  is  intro- 
duced  through  an  absorbing  fluid  inlet  35  provided 
above  the  packed  region  31  of  absorption  tower  30  and 
distributed  by  a  fluid  distributor  32. 

Thus,  the  introduced  absorbing  fluid  flows  through  35 
a  corrosion-resistant  porcelain  packing  material  placed 
in  packed  region  31  and  reacts  with  nitrogen  dioxide 
(N02).  Thereafter,  the  absorbing  fluid  is  continuously 
withdrawn  from  an  absorbing  fluid  outlet  36  provided  at 
the  bottom  of  absorption  tower  30.  40 

The  heat-treated  active  carbon  fiber  for  use  in  den- 
itration,  which  is  packed  into  the  aforesaid  adsorption 
towers,  is  one  obtained  by  firing  a  pitch-based  starting 
active  carbon  fiber  (i.e.,  an  active  carbon  fiber  formed  by 
the  melt  spinning  of  pitch  obtained  as  residue  in  coal  45 
chemical  and  petrochemical  processes)  in  a  reducing 
atmosphere. 

In  this  example,  there  was  used  a  pitch-based  start- 
ing  active  carbon  fiber  manufactured  and  sold  by  Osaka 
Gas  Co.,  Ltd.  under  the  trade  name  of  "OG-5A".  This  so 
pitch-based  starting  active  carbon  fiber  was  fired  at 
about  850°C  in  a  non-oxidizing  atmosphere  for  an  hour, 
shaped  into  a  corrugated  form,  and  then  used  in  this 
example. 

Moreover,  a  polyacrylonitrile  (PAN)-based  starting  55 
active  carbon  fiber  [e.g.,  "FE-300"  (trade  name);  manu- 
factured  by  Toho  Rayon  Co.,  Ltd.]  obtained  by  firing  and 
carbonizing  a  high-molecular-weight  polyacrylonitrile 
fiber  was  also  used  as  the  starting  active  carbon  fiber. 

Thus,  the  concentration  of  nitrogen  oxides  (NOx)  in 
exhaust  gas  could  be  reduced  in  the  same  manner  as 
described  above. 

Example  6 

FIG.  11  illustrates  an  embodiment  in  which  the 
treatment  of  nitrogen  oxides  is  carried  out  by  means  of 
a  NO-oxidizing  reactor  packed  with  a  heat-treated 
active  carbon  fiber. 

In  FIG.  1  1  ,  reference  numeral  42  designates  a  NO- 
oxidizing  reactor;  41,  nitrogen  oxides-containing 
exhaust  gas;  and  43,  a  nitrogen  dioxide  absorption 
tower. 

In  this  embodiment,  the  aforesaid  NO-oxidizing 
reactor  42  is  packed  with  the  above-described  heat- 
treated  active  carbon  fiber  having  oxidizing  activity. 
Thus,  the  introduced  nitrogen  oxides-containing 
exhaust  gas  41  is  oxidized  and  then  continuously 
treated  in  an  absorption  tower  43. 

In  the  above-described  treatment,  it  is  more  prefer- 
able  to  treat  nitrogen  oxides  present  in  exhaust  gas  con- 
tinuously  at  a  low  temperature  of  1  50°C  or  below. 

When  applied  to  the  removal  of  nitrogen  oxides 
(NOx)  present  in  exhaust  gas  discharged  from  boilers, 
gas  turbines,  engines  and  combustion  furnaces  for 
burning  various  types  of  fuel,  the  above-described  sys- 
tem  for  the  removal  of  nitrogen  oxides  makes  it  possible 
to  treat  such  exhaust  gas. 

Moreover,  the  present  invention  is  also  suitable  for 
the  removal  of  nitrogen  oxides  present  in  tunnels  and  for 
the  removal  of  nitrogen  oxides  present  in  exhaust  gas 
from  nitric  acid  production  plants. 

Furthermore,  similarly  to  the  previously  described 
V205  catalyst,  the  heat-treated  active  carbon  fiber  has 
an  activity  for  decomposing  nitrogen  oxides  to  nitrogen 
(N2)  and  water  vapor  (H20)  on  the  basis  of  selective 
catalytic  reduction  (SCR)  when  nitrogen  oxides  (NOx) 
and  ammonia  (NH3)  coexist.  Accordingly,  exhaust  gas 
can  also  be  denitrated  by  supplying  an  appropriate 
amount  of  NH3,  together  with  the  exhaust  gas,  to  the 
heat-treated  active  carbon  fiber  placed  in  the  NO-oxidiz- 
ing  reactor. 

Example  7 

FIG.  1  2  illustrates  an  exemplary  system  for  carrying 
out  the  denitration  process  of  the  present  invention. 

In  FIG.  12,  reference  numeral  51  designates  a 
boiler;  52,  a  denitrator;  53,  an  air  preheater;  54,  a  dust 
collector;  55,  a  gas-gas  heater;  56,  a  desulfurizer;  57,  a 
stack;  and  58,  a  high-degree  denitrator. 

As  shown  in  FIG.  12,  exhaust  gas  discharged  from 
a  boiler  51  is  passed  through  a  denitrator  52  and  a  des- 
ulfurizer  56  where  nitrogen  oxides  (NOx)  anc*  sulfur 
oxides  (SOx)  are  removed  therefrom  in  the  same  man- 
ner  as  in  the  prior  art. 

Thereafter,  the  exhaust  gas  is  introduced  into  a 
high-degree  denitrator  58  where  it  is  brought  into  con- 
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tact  with  an  active  carbon  fiber  heat-treated  at  a  temper- 
ature  in  the  range  of  600  to  1  ,000°C  and  packed  into 
high-degree  desulfurizer  58.  Thus,  the  reactions  repre- 
sented  by  the  foregoing  equations  (c)  and  (d)  are  pro- 
moted. 

Consequently,  when  exhaust  gas  having  a  nitrogen 
oxide  (NOx)  concentration  of  400  ppm  was  treated  by 
means  of  denitrator  52  and  desulfurizer  56  in  the  same 
manner  as  in  the  prior  art  and  the  resulting  gas  having  a 
NOx  concentration  of  40  ppm  was  further  treated  by 
means  of  the  aforesaid  high-degree  desulfurizer  58,  the 
concentration  of  nitrogen  oxides  (NOx)  in  the  exhaust 
gas  could  be  reduced  to  1  ppm  or  less. 

The  treating  conditions  employed  in  this  example 
are  given  below. 

(Treating  conditions) 

a)  Gas  to  be  treated 

Temperature:  50°C 
Relative  humidity:  60%  R.H. 
NOx  concentration:  40  ppm 
Flow  rate:  50  m3/hr 

b)  Denitrator 

Active  carbon  fiber:  OG-5A 
Amount  of  catalyst:  8  kg 

c)  Denitrated  gas 

NOx  concentration:  1  ppm 

In  this  removal  of  nitrogen  oxides  (NOx),  the  water 
used  in  the  aforesaid  high-degree  denitrator  58  may  be 
replaced  by  an  aqueous  solution  of  sodium  hydroxide  or 
the  like.  Thus,  the  nitrogen  oxides  (NOx)  can  be  recov- 
ered  as  a  salt  of  nitric  acid  (e.g.,  sodium  nitrate)  instead 
of  nitric  acid. 

The  heat-treated  active  carbon  fiber  packed  into  the 
aforesaid  high-degree  denitrator  58  is  one  obtained  by 
firing  a  pitch-based  starting  active  carbon  fiber  (i.e.,  an 
active  carbon  fiber  formed  by  the  melt  spinning  of  pitch 
obtained  as  residue  in  coal  chemical  and  petrochemical 
processes)  in  a  reducing  atmosphere. 

In  this  example,  there  was  used  a  pitch-based  start- 
ing  active  carbon  fiber  manufactured  and  sold  by  Osaka 
Gas  Co.,  Ltd.  under  the  trade  name  of  "OG-5A".  This 
pitch-based  starting  active  carbon  fiber  was  fired  at 
about  850°C  in  a  reducing  atmosphere  for  an  hour, 
shaped  into  a  corrugated  form,  and  then  used  in  this 
example. 

Moreover,  a  polyacrylonitrile  (PAN)-based  active 
carbon  fiber  obtained  by  firing  and  carbonizing  a  high- 
molecular-weight  polyacrylonitrile  fiber  was  also  used 
as  the  heat-treated  active  carbon  fiber.  Thus,  the  con- 
centration  of  nitrogen  oxides  (NOx)  in  exhaust  gas  could 
be  reduced  to  1  ppm  or  less  in  the  same  manner  as 

described  above. 

Example  8 

5  FIG.  1  3  illustrates  a  first  embodiment  of  the  exhaust 
gas  treating  system  of  the  present  invention. 

In  FIG.  13,  reference  numeral  61  designates  a 
boiler;  62,  a  dust  collector;  63,  a  gas-gas  heater;  64,  an 
oxidation  tower;  65,  nitric  acid  tower;  and  66,  desulfuri- 

10  zation  tower. 
As  shown  in  FIG.  13,  a  dust  collector  62  is  installed 

at  the  outlet  of  boiler  61  or  the  like.  Exhaust  gas  having 
passed  through  dust  collector  62  is  introduced  into  a 
gas-gas  heater  63  where  its  temperature  is  lowered  to 

is  about  90°C  and,  moreover,  its  relative  humidity  is 
adjusted  to  80%  or  less  and  preferably  60%  or  less. 
Then,  the  exhaust  gas  is  introduced  into  an  oxidation 
tower  64. 

This  oxidation  tower  64  is  packed  with  a  heat- 
20  treated  active  carbon  fiber  in  corrugated  form,  by  which 

nitrogen  oxides  (NOx)  present  in  the  exhaust  gas  are 
oxidized  to  nitrogen  dioxide  (N02)  and  dinitrogen  pen- 
toxide  (N205)  [the  above  equations  (c)].  Then,  the 
exhaust  gas  containing  nitrogen  dioxide  (N02)  and  dini- 

25  trogen  pentoxide  (N205)  is  introduced  into  nitric  acid 
tower  65  where  they  are  reacted  with  water  to  form  nitric 
acid  [the  above  equations  (d)].  Thus,  nitrogen  oxides 
(NOx)  present  in  the  exhaust  gas  are  removed. 

Alternatively,  the  water  used  in  the  aforesaid  nitric 
30  acid  tower  65  may  be  replaced  by  an  aqueous  solution 

of  sodium  hydroxide  or  the  like.  Thus,  the  nitrogen 
oxides  (NOx)  can  be  recovered  as  a  salt  of  nitric  acid 
(e.g.,  sodium  nitrate)  instead  of  nitric  acid. 

Thereafter,  the  exhaust  gas  freed  of  nitrogen  oxides 
35  (NOx)  is  humidified  to  a  relative  humidity  of  100%  or 

greater  in  nitric  acid  tower  65  and  then  introduced  into  a 
desulfurization  tower  66  packed  with  a  heat-treated 
active  carbon  fiber  in  corrugated  form.  In  this  desulfuri- 
zation  tower  66,  sulfur  oxides  (SOx)  are  oxidized  to  sul- 

40  fur  trioxide  (S03)  [the  above  equation  (a)]  and  the  latter 
is  then  reacted  with  water  to  form  sulfuric  acid  [the 
above  equation  (b)].  Thus,  sulfur  oxides  (SOx)  present 
in  the  exhaust  gas  freed  of  nitrogen  oxides  (NOx)  are 
removed. 

45  Thereafter,  the  exhaust  gas  is  heated  in  gas-gas 
heater  63  and  discharged  from  a  stack. 

The  temperature  of  the  exhaust  gas  is  as  low  as 
1  00°C  or  below  and  preferably  50°C  or  below. 

Also  in  this  removal  of  sulfur  oxides  (SOx),  the 
so  water  used  in  the  aforesaid  desulfurization  tower  66 

may  be  replaced  by  an  aqueous  solution  of  sodium 
hydroxide  or  the  like,  similarly  to  the  removal  of  nitrogen 
oxides  (NOx).  Thus,  the  sulfur  oxides  (SOx)  can  be 
recovered  as  a  salt  of  sulfuric  acid  (e.g.,  sodium  sulfate) 

55  instead  of  sulfuric  acid. 
In  this  embodiment,  the  heat-treated  active  carbon 

fibers  packed  into  the  aforesaid  nitric  acid  tower  65  and 
desulfurization  tower  66  are  ones  obtained  by  firing  a 
pitch-based  starting  active  carbon  fiber  in  a  non-oxidiz- 
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ing  atmosphere.  More  specifically,  the  heat-treated 
active  carbon  fiber  used  for  the  treatment  of  nitrogen 
oxides  (NOx)  in  this  example  is  one  obtained  by  firing  a 
pitch-based  starting  active  carbon  fiber  at  about  850°C 
for  an  hour  and  shaping  it  into  a  corrugated  form,  and 
the  heat-treated  active  carbon  fiber  used  for  the  treat- 
ment  of  sulfur  oxides  (SOx)  in  this  example  is  one 
obtained  by  firing  a  pitch-based  starting  active  carbon 
fiber  at  about  1  ,100°C  for  an  hour  and  shaping  it  into  a 
corrugated  form.  However,  it  is  to  be  understood  that  the 
present  invention  is  not  limited  thereto. 

FIG.  14  shows  the  performance  on  the  oxidation  of 
nitrogen  monoxide  (NO)  to  nitrogen  dioxide  (N02).  As 
shown  in  FIG.  1  4,  high  performance  of  80%  or  greater 
can  be  achieved  stably. 

FIG.  15  shows  the  performance  on  the  oxidation  of 
sulfur  dioxide  (S02)  to  sulfur  trioxide  (S03).  As  shown  in 
FIG.  15,  high  performance  of  95%  or  greater  can  be 
achieved  stably. 

Example  9 

FIG.  16  illustrates  a  second  embodiment  of  the 
exhaust  gas  treating  system  of  the  present  invention. 

As  shown  in  FIG.  16,  a  denitrator  72  is  installed  at 
the  outlet  of  a  boiler  71  or  the  like,  and  an  air  preheater 
73  is  installed  at  the  outlet  of  denitrator  72  so  as  to  lower 
the  temperature  of  exhaust  gas  to  about  1  30°C. 

In  this  embodiment,  exhaust  gas  is  first  denitrated 
by  means  of  a  conventional  denitrator  72.  Thereafter, 
the  high-degree  removal  of  nitrogen  oxides  (NOx) 
present  in  the  exhaust  gas  and  the  removal  of  sulfur 
oxides  (SOx)  present  therein  are  carried  out  by  means 
of  the  denitration  and  desulfurization  system  of  Exam- 
ple  8  using  heat-treated  active  carbon  fibers. 

As  shown  in  FIG.  1  6,  after  exhaust  gas  is  denitrated 
by  means  of  denitrator  72  based  on  high-temperature 
treatment,  it  is  passed  through  the  aforesaid  air  pre- 
heater  73,  dedusted  in  a  dust  collector  74,  and  further 
cooled  to  about  90°C  in  a  gas-gas  heater  75.  Thereaf- 
ter,  in  the  same  manner  as  in  the  first  embodiment,  the 
exhaust  gas  is  treated  by  means  of  an  oxidation  tower 
76  packed  with  a  heat-treated  active  carbon  fiber  in  cor- 
rugated  form,  by  which  the  nitrogen  oxides  (NOx) 
remaining  in  the  exhaust  gas  are  oxidized.  Then,  the 
exhaust  gas  containing  nitrogen  dioxide  (N02)  and  dini- 
trogen  pentoxide  (N205)  is  introduced  into  a  nitric  acid 
tower  77  where  they  are  reacted  with  water  to  form  nitric 
acid.  Thus,  nitrogen  oxides  (NOx)  present  in  exhaust 
gas  are  removed. 

As  described  above,  this  system  can  be  connected 
with  a  conventionally  used  denitrator  to  achieve  a  fur- 
ther  improvement  in  denitration  performance  and  hence 
in  treating  capacity. 

Similarly,  this  system  can  also  be  connected  with  a 
system  having  a  conventional  desulfurizer  to  achieve  a 
further  improvement  in  desulfurization  performance. 

Example  10 

FIG.  17  illustrates  a  third  embodiment  of  the 
exhaust  gas  treating  system  of  the  present  invention. 

5  As  shown  in  FIG.  17,  exhaust  gas  from  a  boiler  81 
is  dedusted  in  a  dust  collector  84,  cooled  to  about  90°C 
in  a  gas-gas  heater  85,  and  then  introduced  into  a  cool- 
ing  tower  88  where  it  is  further  cooled  to  50°C  or  below 
and  humidified  to  a  relative  humidity  of  100%  or  greater. 

10  The  resulting  low-temperature/high-humidity  exhaust 
gas  is  introduced  into  a  desulfurization  tower  89  packed 
with  a  heat-treated  active  carbon  fiber  in  corrugated 
form,  where  sulfur  oxides  (SOx)  are  recovered  as  sulfu- 
ric  acid  or  a  salt  thereof. 

15  In  this  embodiment,  sulfur  oxides  (SOx)  are 
removed  by  oxidizing  them  in  desulfurization  tower  89 
and  reacting  the  resulting  sulfur  trioxide  with  water  to 
form  sulfuric  acid. 

The  exhaust  gas  freed  of  sulfur  oxides  (SOx)  is 
20  passed  again  through  gas-gas  heater  85  constituting  a 

cooling  tower,  and  thereby  heated  to  about  90°C.  Then, 
it  is  introduced  into  a  denitration  tower  86  packed  with  a 
heat-treated  active  carbon  fiber,  where  nitrogen  oxides 
(NOx)  present  in  the  exhaust  gas  are  oxidized  to  nitro- 

25  gen  dioxide  (N02).  Thereafter,  the  nitrogen  dioxide 
(N02)  is  removed  as  nitric  acid  in  a  nitric  acid  tower  87. 

In  this  embodiment,  the  relative  humidity  of  exhaust 
gas  is  regulated  by  cooling  the  exhaust  gas  in  cooling 
tower  88  before  introducing  it  into  desulfurization  tower 

30  89.  However,  its  relative  humidity  may  also  be  regulated 
by  omitting  cooling  tower  88  and  adding  steam  to  the 
exhaust  gas  without  cooling  it. 

Claims 
35 

1.  A  heat-treated  active  carbon  for  use  in  the  treat- 
ment  of  exhaust  gas  which  has  been  obtained  by 
heat-treating  a  starting  active  carbon  in  a  non-oxi- 
dizing  atmosphere. 

40 
2.  A  heat-treated  active  carbon  for  use  in  the  treat- 

ment  of  exhaust  gas  as  claimed  in  claim  1  wherein 
the  starting  active  carbon  is  a  starting  active  carbon 
fiber. 

45 
3.  A  heat-treated  active  carbon  fiber  for  use  in  desul- 

furization  which  has  been  obtained  by  heat-treating 
a  starting  active  carbon  fiber  at  a  temperature  of 
600  to  1  ,200°C  in  a  non-oxidizing  atmosphere. 

50 
4.  A  heat-treated  active  carbon  fiber  for  use  in  desul- 

furization  as  claimed  in  claim  3  wherein  the  starting 
active  carbon  fiber  is  a  polyacrylonitrile-based  or 
pitch-based  starting  active  carbon  fiber. 

55 
5.  A  heat-treated  active  carbon  fiber  for  use  in  desul- 

furization  as  claimed  in  claim  3  or  4  wherein  the 
non-oxidizing  atmosphere  is  an  atmosphere  of 
nitrogen  gas. 

10 
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6.  A  desulfurization  process  which  comprises  bringing 
a  gas  containing  S02,  water  and  oxygen  into  con- 
tact  with  a  heat-treated  active  carbon  fiber  for  use  in 
desulfurization  as  claimed  in  any  one  of  claims  2  to 
4.  5 

7.  A  high-depth  desulfurization  process  which  com- 
prises  removing  sulfur  oxides  by  using  a  heat- 
treated  active  carbon  fiber  for  use  in  desulfurization 
as  claimed  in  claim  3  or  4,  on  the  downstream  side  to 
of  a  desulfurization  apparatus  based  on  the  lime- 
gypsum  method. 

8.  A  heat-treated  active  carbon  fiber  for  use  in  denitra- 
tion  which  has  been  obtained  by  heat-treating  a  is 
starting  active  carbon  fiber  at  a  temperature  of  600 
to  1  ,000°C  in  a  non-oxidizing  atmosphere. 

9.  A  heat-treated  active  carbon  fiber  for  use  in  denitra- 
tion  as  claimed  in  claim  8  wherein  the  starting  20 
active  carbon  fiber  is  a  polyacrylonitrile-based  or 
pitch-based  starting  active  carbon  fiber. 

1  0.  A  heat-treated  active  carbon  fiber  for  use  in  denitra- 
tion  as  claimed  in  claim  8  or  9  wherein  the  non-oxi-  25 
dizing  atmosphere  is  an  atmosphere  of  nitrogen 
gas. 

1  1  .  A  high-degree  denitration  process  which  comprises 
removing  nitrogen  oxides  by  using  a  heat-treated  30 
active  carbon  fiber  for  use  in  denitration  as  claimed 
in  claim  8,  on  the  downstream  side  of  a  denitration 
treatment  based  on  the  selective  catalytic  reduction 
(SCR)  method. 

35 
1  2.  A  process  for  removing  nitrogen  oxides  by  means 

of  a  heat-treated  active  carbon  fiber  for  use  in  deni- 
tration  which  comprises  providing  a  nitrogen  oxide 
oxidation  tower  packed  with  a  heat-treated  active 
carbon  fiber  for  use  in  denitration  as  claimed  in  40 
claim  8,  and  passing  exhaust  gas  through  said  oxi- 
dation  tower  to  oxidise  and  remove  nitrogen  oxides 
(NOx)  present  therein. 

1  3.  A  process  for  removing  nitrogen  oxides  by  means  45 
of  a  heat-treated  active  carbon  fiber  for  use  in  deni- 
tration  which  comprises  providing  a  plurality  of 
adsorption  towers  packed  with  a  heat-treated  active 
carbon  fiber  for  use  in  denitration  as  claimed  in 
claim  8,  and  passing  exhaust  gas  successively  so 
through  said  adsorption  towers  in  such  a  way  that 
the  exhaust  gas  is  switched  from  one  adsorption 
tower  to  another  before  a  breakthrough  of  the  nitro- 
gen  dioxide  (N02)  adsorbed  on  the  heat-treated 
active  carbon  fiber  for  use  in  denitration  within  said  ss 
one  adsorption  tower  occurs,  and  the  nitrogen 
oxides  (NOx)  present  in  the  exhaust  gas  are 
thereby  oxidized,  adsorbed  and  removed  continu- 
ously. 

14.  A  process  for  removing  nitrogen  oxides  as  claimed 
in  any  one  of  claims  1  1  to  13  wherein  the  continu- 
ous  oxidation  of  nitrogen  oxides  within  said  adsorp- 
tion  tower  is  carried  out  by  treating  the  exhaust  gas 
at  a  temperature  of  as  low  as  150°C  or  below. 

1  5.  A  process  for  removing  nitrogen  oxides  as  claimed 
in  any  one  of  claims  11  to  13  wherein  the  nitrogen 
oxides  oxidized  by  the  heat-treated  active  carbon 
fiber  for  use  in  denitration  are  continuously 
absorbed  into  an  absorbing  fluid. 

16.  An  exhaust  gas  treating  system  wherein  exhaust 
gas  containing  nitrogen  oxides  (NOx)  and  sulfur 
oxides  (SOx)  is  treated  with  a  heat-treated  active 
carbon  for  use  in  the  treatment  of  exhaust  gas  as 
claimed  in  claim  2,  so  that  the  nitrogen  oxides 
(NOx)  are  recovered  as  nitric  acid  or  a  salt  thereof 
and  the  sulfur  oxides  (SOx)  are  recovered  as  sulfu- 
ric  acid  or  a  salt  thereof. 

1  7.  An  exhaust  gas  treating  system  as  claimed  in  claim 
16  wherein  the  temperature  of  the  gas  being 
treated  is  as  low  as  1  00°C  or  below. 

18.  An  exhaust  gas  treating  system  as  claimed  in  claim 
16  or  17  wherein  the  relative  humidity  of  the  gas 
being  treated  is  80%  or  less  when  the  nitrogen 
oxides  (NOx)  are  recovered  as  nitric  acid  or  a  salt 
thereof. 

1  9.  An  exhaust  gas  treating  system  as  claimed  in  claim 
16  or  17  wherein  the  relative  humidity  of  the  gas 
being  treated  is  100%  or  greater  when  the  sulfur 
oxides  (SOx)  are  recovered  as  sulfuric  acid  or  a  salt 
thereof. 
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